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ABSTRACT
The soils of tropical tasar plantation fields in general are sloppy and are primarily 
deficient of nutrition due to top soil erosion and constant leaf productivity exploitation to 
rear tasar silk insect,  Antheraea mylitta Drury. The rainfed field of Terminalia tomentosa  
(W&A) plantation has been evaluated for soil fortification with green mulching through 
legumes, Sun hemp (Crotalaria juncea), Daincha (Sesbania aculeata), Green gram (Vigna 
radiatus) and Black gram (Vigna mungo) during rainy season. The mulching has enhanced 
the water holding, moisture retention, electrical conductivity, organic carbon, nitrogen (N) 
and  potassium  (K)  and  reduced  the  bulk  density  and  pore  space  of  soil.  Among  the 
legumes, Sun hemp has shown higher improvement of water holding (56.9%), moisture 
content (68.5 & 37.9%) at 30 and 45 cm depth, electrical conductivity (0.30 mhos/cm), bulk 
density (1.12g/ cm³), pore space (50.4%), organic carbon (0.61%), nitrogen (109 kg/ha) and 
potassium (254 kg/ha) of the soil, and could augment the leaf yield of tasar food plant with 
24.8 MT/ha. The study infers the prospect and importance of green mulching in tasar food 
plantation in improving the physico chemical nature and fertility status of soil to attain 
optimal leaf yield in T. tomentosa food plant.     
Key words: Green mulching, Leaf yield, Soil properties, Tasarculture, Terminalia tomentosa.
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Growing of a legume crop to be worked into the soil is an old agricultural practice and 
currently the application of green mulches became an important practice for maintaining soil 
productivity.  The incorporated legume residues are the biological source of nitrogen (N) and 
reduce the N requirement for following crop, besides favouring the soil physical properties with 
decreased bulk density, increased water infiltration capacity, organic C and recycling of N, P and 
K1-3. The application  of Sun hemp as organic mulch will  result  in triple  benefit  of effective 
utilization of waste, improvement in soil quality and economic gain with low input of chemical 
fertilizers  for  sustainable  silk  cocoon production4. In  temperate  regions,  high organic  matter 
inputs combined with slow decomposition rates (determined by climate) lead to high soil organic 
carbon (SOC), while in tropical  regions,  decomposition and the turnover of SOC tend to be 
faster5-7. The tropical tasar food-plants,  Terminalia tomentosa and Terminalia arjuna are under 
the rain-fed conditions and in degraded soils with low nutrients8 are being exploited to rear tasar 
silkworm, Antheraea mylitta to produce vanya silk of high global demand, though, the optimal 
leaf productivity of tasar food-plant being most essential to make tropical sericulture sustainable. 
The organic mulches helps the soil from rapid warming and drying so to extend crop growing 
and harvesting periods9 and much research has been devoted to the technologies of applying 
legumes as green mulch10. The maximum net farm income and cost benefit ratio was reported in 
maize inter cropped with cow pea along with nitrogen application11-13. The advantage of rapid 
mineralization of mulched legumes to fix the nitrogen in soil organic compounds14 even under 
low soil moisture15,16 strongly recommends green manuring17-19. Also, the legume green mulching 
can add soil nutrients and improves moisture retention capacity20 and fixes nitrogen from the 
atmosphere21. The soil potassium (K) functions as an enzyme activator in plant metabolisms such 
as  in  photosynthesis,  protein  synthesis,  starch  formation  and  translocation  of  proteins  and 
sugars22. Hence, a study has been undertaken to assess the application value of legume green 
mulching in enhancing the soil physico-chemical condition of rain-fed tropical tasar fields to 
augment the leaf yield of tasar host plant (T. tomentosa).
MATERIAL AND METHODS
The present study was conducted during the rainy season (June to September) of 2006, 
2007 and 2008 using tasar food-plant economic plantation of  T. tomentosa maintained by the 
agronomy division of Central Tasar Research and Training Institute (CTR&TI), Ranchi, India to 
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evaluate  the  potential  of  various  leguminous  green  mulches  in  improving  the  soil  physico-
chemical  characters  of  tasar  field  and  leaf  yield  of  tasar  food-plant  under  tropical  rain-fed 
conditions. The experiment was laid out in a complete randomized block design (CRBD) with 
four replications and five treatments with four legumes viz., Green gram (Vigna radiatus), Black 
gram  (Vigna  mungo),  Sun  hemp  (Crotalaria  juncea)  and  Daincha  (Sesbania  aculeata)  as 
experimental groups in addition to a group without legume green mulching as control group for 
comparison and to assess the impact of leguminous green mulching. The regular agronomical 
practices have been carried out uniformly for all treatments including control. The seeds of four 
legume varieties were broadcasted in between the rows of  T. tomentosa economic plantation 
during first week of June of the respective year with onset of monsoon rains. The raised legume 
inter-crops were grown till they reach flowering stage for optimal production of green biomass 
up to 50 days. The legumes were then cut to ground level, weighed and mulched at 75 cm depth 
in to the trenches of the tasar field made in between the rows of T. tomentosa plants. The season 
was very ideal for green mulching with required soil moisture content and continued rainfall in 
the  area  till  end  of  September  month  of  every  year.  The  soil  samples  of  tasar  field  before 
initiation  of  the  experiment  and  subsequent  years  there  on,  during  experimentation  were 
analyzed for its physico-chemical constituent status. The observations recorded on water holding 
capacity, moisture content at 30 cm and 45 cm depth, pH, electrical conductivity, bulk density, 
pore space, organic carbon content and levels of nitrogen (N), phosphorus (P) and potassium (K) 
of soil in addition to the yield of green biomass of different legumes upon their harvest during 
the month of July and the leaf yield of  T. tomentosa  during commercial  crop rearing season 
(September-December) for three successive years of experimentation and the data obtained were 
subjected to statistical analysis.
RESULTS 
Legume biomass and tasar food-plant productivity and Soil status 
The data presented in table 1 indicates the production status of green biomass by different 
legumes; the leaf yield of tasar food-plant T. tomentosa; the soil pH, water holding capacity and 
average moisture content at 30 and 45 cm depth in control as well as in different legume green 
mulch treatments. Among the four legumes studied, the Sun hemp has recorded highest average 
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production of 39.0 quintals of green biomass per hectare, while Daincha, Green gram and Black 
gram have yielded 26.6, 25.3 and 17.7 quintals.  The leaf yield of tasar food-plant was 24.8 MTs 
per hectare in Sun hemp treatment was highest among all  the treatments with an increase of 
34.0% over the control. The leaf yield of 23.0, 22.6 and 21.6 MTs was recorded in Daincha, 
Black gram and Green gram treatments with an increase of 24.3, 22.2 and 16.7 % increase over 
the  control.  Though,  the  soil  pH  got  tilted  slightly  towards  acidic  side  in  green  mulched 
treatments compared to control but the change was not-significant. The water holding capacity 
(WHC) and soil moisture percentage were recorded maximum in Sun hemp mulch among the 
four legume treatments. The Sun hemp treatment has recorded 56.4% WHC with an increase of 
5.2% over the control, while the soil moisture percentage of 68.5 and 37.9 with an increase of 
22.9 and 20.3 % at 30 and 45 cm depth respectively over the control. The WHC of Daincha, 
Green gram and Black gram treatments was 56.4, 56.1 and 55.2 % with an increase of 4.2, 3.7 
and 2.0 % has  been recorded over  the  control.  The soil  moisture  has  shown same trend of 
enhancement by Daincha, Green gram and Black gram treatments with an increase of 18.7, 19.0; 
17.8, 18.1 and 13.5, 14.6 % respectively over the control. 
Impact of leguminous green mulching on physico-chemical condition of the soil 
The data presented in table 2 indicates physico-chemical condition of the soil of tasar 
field including soil electrical conductivity (SEC), soil bulk density (SBD), soil pore space (SPS), 
soil organic carbon (SOC) and soil nutrient status with reference to nitrogen (N), Phosphorus (P) 
and Potassium (K)  in the control and legume green mulch treatments. The SEC was increased in 
all the biomulch treatments with highest of 42.8% in Sun hemp followed by Daincha and Black 
gram treatments with 9.5 and 4.8% over the control, while it remained unchanged in Black gram 
mulch. The SBD was reduced in the green mulch treatments over the control with highest of 
14.5% in Sun hemp followed by 6.1, 3.8 and 1.5% reduction in Daincha, Green gram and Black 
gram respectively. The SPS recorded decrease in all the green mulch treatments with highest of 
5.6% in Sun hemp followed by 2.4, 2.1 and 0.56% in Black gram, Green gram and Daincha 
treatments  respectively  over  the  control.  The  SOC  has  been  increased  in  all  the  biomulch 
treatments over the control with highest of 27.1% in Sun hemp followed by Daincha, Black gram 
and Green gram with 25.0, 22.9 and 20.8%. The soil N and K contents have been increased in 
green mulch treatments with highest in Sun hemp green mulch, while the soil P has been reduced 
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in-significantly in all the legume green mulches except for Sun hemp, which remain un-changed. 
The highest soil N and K were recorded in Sun hemp mulch with 109.0 kg/ha and 254 kg/ha, 
with an increase of 28.2% and 9.5% respectively  over  the control  followed by Black gram, 
Daincha and Green gram, while the marginal and non-significant change in the levels of P with 
either decreased or static against the control.
DISCUSSION 
To achieve higher biological activity, growth and crop yields in plants, the nutrients are 
to be substituted to the soil through organic matter / composts / manures for optimal physical and 
functional properties10, 21. The incorporation of legume crops as green mulch are recommended 
even under rain-fed conditions to sustain soil fertility reserves for subsequent agriculture crops, 
as they grow faster and decomposes better in to the soil1, 2, 15, 17. The tropical tasarculture being the 
rearing of tasar silk insect,  A. mylitta during particular season(s) of the year which yield only 
tentative  crop  returns;  the  tasar  food-plant  maintenance  and  application  of  agronomical 
procedures are to be appropriate, time bound and cost effective. The optimal leaf productivity is 
vital for growing more silkworm larvae and to harvest higher cocoon and silk yields4, 23, 24, and 
hence, the commercial sustenance of tropical tasarculture depends on quantity of cocoons and 
raw silk produced by A. mylitta, which is inter-linked with the leaf yield of tasar food-plant, T. 
tomentosa. To achieve such optimal leaf productivity in tasar food-plant, the prime requirement 
is the soil fertility of its field, and hence the application of legume green mulch has been thought  
of, by utilizing the inter-space of T. tomentosa plantation. Four popular varieties of legumes were 
grown to identify the promising one with maximum green biomass with in the available time 
frame. The higher green biomass production by Sun hemp (39.0 q/ha), which is significantly 
better than Daincha (26.6 q/ha), Green gram (25.3 q/ha) and Black gram (17.7 q/ha), suggests its 
better  suitability  for  rainfed  tropical  tasar  fields,  as  the soil  fertility  improvement  has  direct 
correlation with the quantity of legume green biomass mulched to the soil. 
The  soil  is  a  vital  resource  for  plant  growth;  its  physical,  chemical  and  biological 
properties influence the vegetative growth, quality and returns of the raised agricultural crop. 
The  physical  capacities  of  soil  are  however  inclined  by  the  size,  proportion  and  mineral 
composition of the soil particles. The soil by status holds water for plants by regulating the rate  
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of evaporation, infiltration and drainage, besides the gas diffusion and heat dissemination. Also, 
the structure of the soil regulates plant growth; as soil’s porosity has direct correlation with its 
water, air and temperature maintenance along with the salts, gas and nutrient contents25. The 
inconsistent crop yields of a given field in spite of uniform application of seed, irrigation and 
fertilizer indicates the role of the soil texture, characteristics and water holding capacity on the 
performance of a crop. The leguminous inter-crop growing/ green mulching had the impact on 
positive water infiltration and elevated soil moisture26; decrease in particle size, proportion and 
mineral  composition of the soil27.  The optimal  plant  growth prefers neutral  pH and the non-
significant change in the soil pH even after the application of legume green mulching indicates 
its suitability for tasar fields. The enhanced water holding capacity (WHC) and soil moisture 
content at 30 and 45 cm soil depths further supports the application value of legume green mulch 
for tasar fields. This might be the reason for enhanced leaf yield in tasar food-plant on green 
mulching  and highest  of  24.8 MT/ha with Sun hemp treatment  coincides  with  higher  green 
biomass produced by Sun hemp than other legumes. The legume biomulching not only enhances 
bacterial, fungal and actinomycetes colonies but also favours soil properties on water holding 
capacity and moisture retention as the soil organic matter (SOM) and soil carbon (C) influences 
the humus content in the soil and there by agricultural output1,2. This enrichment of SOM with 
green mulch might have improved the growth of tasar food-plant (T. tomentosa) and its leaf 
yield. The other factors resulted to enhanced leaf yield might be the synchronized changes in soil 
physico-chemical and biological properties on legume green mulching. 
The soil electrical conductivity (SEC) is a measure of an electric current flow of the soil, 
which depends on its salt content, proportion of sand, clay, organic residue and water contents. 
The SEC is also influenced by a combination of physico-chemical properties of the soil including 
soluble salts,  mineralogy,  water content,  bulk density,  organic matter  and temperature28.  The 
improved SEC with legume biomulching in all the treatments and with highest of 42.8% in Sun 
hemp mulch indicate its value in enhancing the soil physical and biological condition. The green 
mulching might have helped in building the bacterial, fungal and actinomycetes colonies of soil 
with available organic matter to enrich the soil both physically and chemically. This confirms the 
role  of  Sun  hemp as  green  mulch  in  enhanced  rate  of  growth  in  tasar  food-plant  and  leaf 
productivity in comparison to other evaluated legumes. The soil bulk density (SBD), the ratio of 
mass  of  dry  solids  to  bulk  volume of  the  soil,  changes  for  a  given  soil  with  its  structural  
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condition,  mineral content and the degree of compaction.  The lower SBD is advantageous as it 
specifies the extent of pore space within the soil mass. The bulk density of quartz records very 
high (2.65g/cm³) and the soil with high clay and organic content record least (1g/cm³)29; indicate 
the  relation  between  soil  bulk  density  and  physical  status,  texture  and structure  of  the  soil. 
Though, the SBD got reduced upon legume green mulching in all the treatments and the least  
being with Sun hemp mulching (1.12g/ cm³), with significant decrease (14.5%) over the control, 
is nearer to the levels of clay/ organic content and far away from quartz indicates the value and 
suitability of Sun hemp among the studied legumes green mulches. Similarly, the increase in soil 
pore space (SPS) would be important as it permits more air in between the soil particles with 
better percolation and storage space for water. The SPS which is more in sandy soils, over the 
clayey, allows water to percolate down so rapidly makes crops suffer for want of water. The 
reduced SPS on mulching of legume green biomass as organic matter  stops the crops suffer 
neither from shortage or excess of water30. The reduction in SPS on biomulching in general and 
better with Sun hemp mulch (5.6%) over the control is a precision of soil properties of tasar field 
to support the leaf productivity of tasar food-plant by providing water and essential nutrients for 
longer interval even under tropical rain-fed conditions.
To describe the steps needed to understand and manage soil organic matter  (SOM)  in 
tropical  soils  is a major challenge for soil  science;  as it is a key soil  resource and must for 
sustainable agriculture.  The term SOM is used to describe the extent  of organic constituents 
available in the soil such as tissues from dead plants and animals and the subsequent products 
produced  on their  decomposition  and  accumulation  of  soil  microbial  population.  This  is  an 
important source of soil nutrients, structural stability and carbon stock levels required for plant 
growth in tropical soils, which are often weathered, degraded and exacerbated with demographic 
disturbances of natural equilibrium. The soils contain carbon (C) in both organic and inorganic 
forms and most soils held C as soil organic carbon (SOC), which otherwise refers to C in the soil  
as SOM. The SOC is often reported as the most important sign of soil quality and agricultural 
sustainability,  as  it  is  the  central  indicator  of  soil  health,  worth  and  dependant  of  soil 
management31. The C is the major part SOC and it holds a great proportion of nutrients, cations 
and trace elements, which are vital for optimal plant growth and crop yield.  The organic C of 
sandy soil is less than 1%, while, it is almost 100% in wetland soils with high clay content [16, 19]. 
The higher soil C indicates the larger population of microbial biomass and respiration of soil, 
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besides large quantities of mineral nitrogen (N) in the top layers1,4. Further, the application of 
legume green manure will add important nutrients like N, sulphur (S) and prosperous (P) to the 
soil helps to build SOM making the with soil's structure, pore size  healthier with increased water 
holding and cation exchange capacity (CEC) for effective utilization of inorganic fertilizers [6-8]. 
The  organic  matter  accumulation  in  the  soil  is  a  result  of  balance  between  the  loss  by 
decomposition and the gain from synthesis of humus from plant residues, especially on legume 
green mulching. The incorporation of Sun hemp green biomass has improved the SOC content 
better over the control, but the improvement was marginal when compared with other legumes 
like Daincha, Green gram and Black gram. This suggests the value and suitability of any legume 
green  mulching  to  tropical  tasar  fields  under  rain-fed  conditions,  which  improve  SOC,  the 
critical  facilitator  of physico-chemical,  biological  and fertility  status  of  the soil.  Further,  the 
additional benefit of using a legume mulching as green manure is to fix atmospheric N and made 
it available as biological source of N10,11 essential for plant growth and leaf yield of tasar food-
plant. However, the amount of N fixed by a legume is dependant of legume variety, legume-
bacteria  association in root  nodules and climatic  conditions  of legumes grown and mulched. 
When legume biomass reaches the soil,  its halt is not longer but the mineralization increases 
depending upon temperature, moisture content, microbial load of the soil and C/N ratio of the 
mulched organic matter. Hence, the mulching of legumes was done during July month to allow 
the  biomass  to  decompose  in  to  soil  under  ideal  soil  moisture  and  microbial  levels  with 
continued rains in the area till September month.
The healthiness of the soil depends on its pH, texture, extractable nutrients, N-P-K status 
and supplying potential of base cations like Ca Mg & K3,7. The soil N is a major component of 
chlorophyll, responsible for photosynthesis and normal vegetative growth of a plant, besides the 
effective utilization of P, K. Among the green manuring,  the legumes are preferred for their 
ability  to fix atmospheric nitrogen and the legume residues being the biological source of N 
required  for  sustainable  agriculture17,18.  The  leguminous  plant  residues  which  have  high  N 
encourage  the  growth  of  soil  microbes  to  enhance  the  pace  of  biomass  decomposition  and 
attaining soil  nutrition faster.  The biomulching of legumes in rain-fed tasar field might have 
shown such impact of enhancing the organic constituents and microbial population to enrich soil 
fertility supplementing the leaf yield of tasar food-plant.  The soil  K functions as an enzyme 
activator in plant metabolisms regulating photosynthesis, protein synthesis, starch formation and 
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translocation of proteins and sugars22. The soil K is essential for the development of strong plants 
and healthy roots, besides resisting diseases. It also plays a role in photosynthesis under low sun 
light,  internal  water regulation and nitrogen absorption by the plant.  The green manuring in 
mulberry has reported to enhance soil fertility and leaf yield4, presently the mulching of Sun 
hemp has shown improved soil characters and leaf yield of  T. tomentosa over Daincha, Green 
gram and Black gram. Though, the application of organic manure play a role of soil fertility 
conservation, the uncertain crop returns in rain-fed tropical tasarculture can not break-even the 
commercial crop economics. The green mulching can conserve the moisture, builds up organic 
matter  and improves the properties of terrestrial  soil  and activity  of microbes supporting the 
mineralization rate and release of N, P and K in greater proportion20,21. The application of Sun 
hemp with its highest produced biomass as green mulch has increased tasar field water holding 
and soil moisture with complimentary changes in SEC, SBD, SPS, organic C and available N 
and K. The enhanced water holding and physico-chemical condition of the soil with improved 
levels of N and K on legume green mulching indicates the value of legumes for tropical rain-fed 
tasar fields. The improved soil properties and tasar leaf productivity on legume green mulching 
in general  indicates  the scope of green mulching for tropical  tasarculture.  The highest green 
biomass production, upgraded physico-chemical condition of soil with enhancement in the leaf 
yield of T. tomentosa by Sun hemp infers its application value as green mulch among evaluated 
legumes, for tropical tasar fields under rain-fed conditions. 
CONCLUSION
The mulching of legumes in general has improved the soil status of tropical tasar food 
plant fields. The mulching of Sun hemp in particular has shown improvement in water holding 
(56.9%), moisture content (68.5 & 37.9%) at 30 and 45 cm depth, electrical conductivity (0.30 
mhos/cm), bulk density (1.12g/ cm³), pore space (50.4%), organic carbon (0.61%), nitrogen (109 
kg/ha) and potassium (254 kg/ha) levels of soil, besides the leaf yield of tasar food plant (24.8 
MT/ha). The study infers that the leguminous green mulching in rainfed tropical tasar plantation 
fields during rainy season can progress the physico chemical characters and fertility condition of 
the soil, which results to higher leaf yield in T. tomentosa plant. 
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Table 1: Biomass production by different legumes and impact of green mulching on leaf yield of 
tasar food plant, water holding and moisture content of soil 
(Values are mean, ± SE and + or – are the % change over control)
Legume 
green 
mulches
Legume 
biomass 
(q / ha)
Food  plant 
leaf yield 
(MT/ ha)
Soil pH 
value
Water 
holding 
capacity (%)
Soil moisture (%)
At 30 cm 
depth
At 45 cm 
depth
Control 0.0 18.5 ±0.09 5.9 ±0.01 54.1 ±2.5 55.7 ±2.5 31.5 ±1.7
Green 
Gram
25.3 ±0.13 21.6 ±0.11
+16.7
5.7 ±0.02
-3.4
56.1 ±1.9
+3.7
65.6 ±2.2
+17.8
37.2 ±1.5
+18.1
Black 
Gram
17.7 ±0.23 22.6 ±0.12
+22.2
5.6 ±0.01
-5.1
55.2 ±3.0
+2.0
63.2 ±3.5
+13.5
36.1 ±2.0
+14.6
Sun 
hemp
39.0 ±0.31 24.8 ±0.10
+34.0
5.5 ±0.01
-6.8
56.9 ±3.0
+5.2
68.5 ±2.0
+22.9
37.9 ±2.1
+20.3
Daincha 26.6 ±0.17 23.0 ±0.21
+24.3
5.5 ±0.01
-6.8
56.4 ±2.9
+4.2
66.1 ±2.2
+18.7
37.5 ±2.3
+19.0
CD at 
5%
3.0 1.4 Non 
Significant
0.6 4.8 2.4
12
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.6
38
8.
1 
: P
os
te
d 
10
 S
ep
 2
01
1
Table 2: Impact of green mulching on the physical / chemical properties and nutrient status of 
soil (Values are mean, ± SE and + or – are the % change over control)
Legume 
green 
mulches
Soil 
electrical 
conductivity
(mhos/cm)
Soil 
bulk 
density
(g/ cm³)
Soil 
pore 
space
(%)
Soil 
organic 
carbon 
(%)
Soil nutrient status 
N
(kg/ha)
P
(kg/ha)
K
(kg/ha)
Control 0.21 ±0.009 1.31 
±0.009
53.4 
±2.09
0.48 
±0.005
85 
±1.81
10.5 
±0.12
232 
±4.32
Green 
Gram
0.21 ±0.007
-0-
1.26 
±0.01
-3.8
52.3 
±0.25
-2.1
0.58 
±0.007 
+20.8
94 
±2.02
+10.6
10.2 
±0.09
-02.8
240 
±6.19
+03.4
Black 
Gram
0.22 ±0.008
+4.8
1.29 
±0.01
-1.5
52.1 
±1.81
-2.4
0.59 
±0.004 
+22.9
96 
±2.94
+12.9
10.4 
±0.11
-0.95
244 
±5.88
+05.2
Sun 
hemp
0.30 ±0.01
+42.8
1.12 
±0.008
-14.5
50.4 
±0.15 
-5.6
0.61 
±0.006 
+27.1
109 
±3.11
+28.2
10.5 
±0.07
-0-
254 
±4.62
+09.5
Daincha 0.23 ±0.008
+9.5
1.23 
±0.008
-6.1
53.1 
±2.01
-0.56
0.60 
±0.004 
+25.0
95 
±2.10
+11.8
10.3 
±0.08
-01.9
242 
±6.01
+04.3
CD at 
5%
0.03 0.02 0.8 0.03 2.4 Non 
Significant
6.2
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